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CLAIMS 1-45 CANCELED 



46, A mcihod for mc in forming a capacitor* the method comprising: 

providing a substrate assembly in a reaction chamber, the substrate assembly 
including at least «mc Surface; and 

forming an electrode on the at least one surface of the substrate assembly, 
wherein forming the electrode comprises: 

providing a niihenium-eoritaining precursor \mo the reaction chamber, and 
derating a rough ruthenium layer on the surface of the substrate assembly 
from die mthcftjiim precursor at j rale of about i€H> A/minute to about 500 
^minute. 
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47. The method of claim 46, wherei n the substrate assembly includes an opening 
defined therein, wherein the opening is defined by a bottom surface of the substrate 
assembly and ai km one .-side wail extending therefrom. 

48. The method of claim 46, wherein providing a nitoefiittm-contaifun^ precursor 
into the reaction chamber indu<ics providing a carrier gas at a flow rate of about 100 
seem to about 500 seem through a nithenkim^maining precursor maintained at a 
temperature of about 1 5 °C to about 1 00 P C into the reaction chamber to deposit the 
rough ruthenium layer on the surface of the substrate assembly. 

49. The method of claim 48, wherein the method further includes maintaining the 
substrate assembly surface at a temperature in a range of about 1GG*C to about 40CTC 
and mainsaining the pressure of the reaction chamber in a yan&e of about 0,4 torr to 
about 10 lorr, 

50. The method of claim 48, wherein the method further includes annealing the 
rough ruthenium layer at a temperature in a range, of about lOO^C to about. 90(r*C for a 
time period in a range of about 30 seconds to about 30 minutes. 

51 . The method of claim 58, wherein luutealing the mugh ruthenium layer further 
indudes anneali ng the rou#i ruthenium layer at a pressure in a rsmge of about 0.1 
millilorr So about 5 atmospheres in a gas atmosphere subjected lo a glow discharge 
created by applying an eteetromagnedc field across the yas mixture, 

52. The method of claim 46. wherein providing the substrate assembly surface 
includes providing non- rough ruthenium, the rooujt layer of ruthemum formed on the 
non-iou^h. ruthenium. 
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53, The method of claim 46, wherein providing the subscn??q assembly surface 
includes providing non-rough ruthenium oxide, the rough layer of ruthenium formed on 
the non-a*ugh ruthenium oxide. 

54, A method for use in forming a capacitor, the memod comprising: 
providing a substrate assembly in a reaction chamber, the substrate assembly 

i ncludi ng at least one surface; unci 

forming an electrode on the at legist one surface of the substrate assembly, the 
forming Of the electrode comprising: 

providing a rxitheauim^ontaining precursor into (he reaction chamber, 
providing an oxy^n-eontaiiung precursor into the reaction ehamber, and 
depositing a rough ruthenium oxide layer on the surface of the substrate 
assembly at a rate of about 100 Aimmutc lo about 1200 Afaunutc. 

55, ' rhe method of claim 54, wherein the substrate assembly irwhNles m opening 
defined therein, wherein the opening is defined by a bottom surface of the substrate 
assembly and at least one side wall extending therefrom. 

56, Hie method of claim 54. wherein providing -a rviherourrvcomammg precursor 
into the reaction chamber includes providing a earner gas at a flow rate of about 1 00 
seem to about 500 seem through the rutheniums witatnimj precursor maintained at a 
temperature of about 1 5 *C to about 100 *€ into the reaction chamber, and further 
wherein providing the oxygen-containing precursor into the reaction chamber includes 
providing an oxygen-containing precursor into the reaction chamber at a flow rate of 
about 1 00 seem to about 20GQ seem, 

57, The method of claim 56, wherein the method further includes maintaining line 
substrate assembly surface at a tempcntiuc in a range of about IQifC to about 400*C 
and mamtaiitingihe pressure of the reaction chamber in a range of about 0.4 torr to 
about 100 torr, 
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58. The method of claim 56. wherein the method taher includes annexing the 
rciu^h ruthenium oxide layer at a temperature in a range of about 3W)*C to about WC 
for a time period in a range of about 30 seconds to about 30 minutes. 

59. The method of ctaSm 58, wherein annealing the rough ratheniujm oxide layer 
further includes annealing the rough ruthenium layer at a pressure in a range of about 
04 millhorr lo about 5 aiinospljeres in a gas atmosphere subjected to a glow discharge 
creeled by applying an electromagnetic field across ihe gas mixture, 

60. The method of claim 54, wherein providing the substrate assembly surface 
includes providing non-rough rutheni um, the rough layer Of ruthenium formed on the 
non-rough ruthenium. 

6 L A capacitor siitiemn? comprising; 

a H\m electrode formed of ai least a rough ruthenium layer, wherein a surface of 
the rough raihenSum layer has a surface area greater than about 1.2 times a surface area 
of a completely smooth surface having a substantial^ identical shape as \\vst surface of 
the mu^h ruthenium layer; 

a dielectric layer formed on at least a portion of the first electrode: and 

a second conductive layer formed on the dielectric layer. 

62. The capacitor structure of c lai m 6 1 „ wherein the surface of the rough ruihen i utn 
layer has a .surface area greater than about 1 .5 times the surface area of the completely 
smooth surface having the substantially identical shape as she surface of the rough 
ruthenium layer 

G3. The capacitor .structure of claim 61 . wherein the first electrode further comprises 
non-rough ruthenium upon which the layer of rough ruthenium is formed. 
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64. The capacitor saruciure of claim 6 1 , wherein the first electrode further comprises 
non-rough ruthenium ox ide upon which the layer of rough ruthenium Is formed, 

65. A capacitor structure comprising: 

51 first electrode formes! of at least a rough ruthenium oxide layer, wherein a 
surface of the rough ruthenium oxide layer has a surface area greater than about I. ,2 
times a surface area of a completely smooth surface having a substantially identical 
shape as the surface of the rough wthcnkm oxide layer; 

a dielectric layer formed on at least a portion of the first electrode; and 

a second conductive layer formed on the dielectric law. 

66. The capacitor structure of claim 6S< wherein the surface of the rough ruthenium 
layer has a surface area greater than about L5 itrrte^ ihe surface area of the completely 
smooth surface having the substantially identical shape as the surface of the rough 
ruthenium layer, 

67. The capacitor structure of claim 6S ? wherein the first electrode further comprises 
non-rough ruthenium upon which the layer of rough ruthenium oxide is formed. 

fi& The capacitor structure of clams 65, wherein the first electrode further comprises 
non-rough ruthenium oxide upon which the layer of rough ruthenium oxide is formed. 



